Objectives: To examine the relationships between body mass index (BMI), percentage-weight-for-height (PWH) and percentage body fat (PBF), and to compare their validity based on PBF with the BMI criteria of International Obesity Task Force (IOTF) for childhood obesity in Korean pre-adolescent school children. Design: Statistical comparative analysis for anthropometric measures. Subjects: Korean pre-adolescent children (438 boys and 454 girls, aged 8-12 years, mean BMI 19.573.4 kg/m 2 ). Measurements: Body mass index and PWH were calculated as body size indices from height and weight. Hand-to-foot bioelectrical impedance analysis (BIA) was performed to obtain PBF values, with obese children defined as PBF above 35%. Sensitivity and specificity were displayed with the gold standard of PBF, and receiver operating characteristic (ROC) curves were used to assess the performance of BMI and PWH in detecting obesity. Results: The prevalence of obesity varied by the criteria: 18.8% by Korean BMI standards for 95 percentile, 11% by the IOTF-BMI 30 kg/m 2 and 29.4% by Korean PWH cutoffs. Body mass index and PWH were significantly correlated with PBF after adjusting for age, 0.910 (Po0.01) and 0.915 (Po0.01), respectively. The sensitivity and specificity of the PWH cutoffs were 0.909 and 0.882, respectively. The local BMI 95 percentiles had lower sensitivity (0.714) and specificity (0.790). The IOTF-BMI definition showed much lower sensitivity (0.457) and higher specificity (0.990). The BMI cutoffs corresponding with the highest accuracy were smaller than IOTF-BMI 30 kg/m 2 for all age groups in both boys and girls. Conclusion: The prevalence of obesity among Korean pre-adolescent children widely varied according to the diagnostic criteria applied. Universally recommended cutoffs for children by IOTF showed the lowest sensitivity among the criteria used, and may therefore underestimate obesity in this population.
Introduction
Obesity is a growing public health problem among children in Asian countries, including South Korea, as it is in Western countries. Because childhood obesity tends to persist into adulthood and is associated with an increase in morbidity and mortality later in life, it should be screened during childhood for early intervention. 1 Contrary to obesity in adults, who are diagnosed by a universally accepted standard of anthropometric measurement, there are many ways to measure childhood obesity. Body mass index (BMI) has been recommended as the main measure of overweight and obesity in childhood for survey purposes. 1 Several countries, including the US, the UK, Singapore, Sweden, Denmark and the Netherlands, have developed their own BMI-for-age, gender-specific, reference charts using local data. 1 An expert committee convened by the International Obesity Task Force (IOTF) recommended BMI cutoff points based on age-specific values that project to the adult cutoffs of 25 kg/m 2 for overweight and 30 kg/m 2 for obesity, using data from six different reference populations. Percentage-weight-for-height (PWH) has been commonly used in several countries including Korea for the screening of obesity in children. 3, 4 It measures an individual's weight as a function of his/her desirable weight, which is based on population-specific, reference values. These anthropometric measures have been compared and validated by direct measures for adiposity in various ethnic populations of children. Such techniques include hydrodensitometry and dual-energy X-ray absorptiometry (DEXA), but they are impractical for use in large-scale epidemiologic studies and clinical practice. Bioelectrical impedance analysis (BIA), although not strictly a direct measure of body composition, has high inter-and intra-observer reliability, and has thus been increasingly used in clinical practice. 5 Choice of anthropometric measurement that reflects the adiposity of children best is essential for intervention and prevention of the worldwide epidemic of obesity. Previous studies comparing various criteria for anthropometric measurements in childhood with body fat measures suggested that IOTF-BMI cutoffs may have low sensitivity, 6 and that BMI percentile X85 percentile is useful for identifying children who may be over-fat. 7 Therefore, the aim of the study was twofold. First, we compared the validity of various criteria of childhood obesity in Korean pre-adolescent school children, based on the percentage body fat (PBF): the local BMI, the local PWH and the IOTF-BMI criteria. The second was to examine the relations between various tools to measure obesity by BMI, PWH and PBF in this population.
Materials and methods

Subjects
The data were taken from the annual school health examination of 938 (484 boys and 454 girls) 8-to 12-yearold children in a primary school located in Nowon-gu, Seoul, South Korea. This study was conducted according to the principles of the Declaration of Helsinki for treatment of research participants and the school administration committee approved the study.
Measurement
Height was measured to the last complete millimeter, with the subjects barefoot, using a wall-mounted stadiometer. Weight was measured to 100 g on a calibrated digital electric scale. Body mass index was calculated as weight/height 2 (kg/m 2 ). Percentage-weight-for-height was calculated by expressing the measured body weight as a percentage of the 50th percentile for a child of same gender and height range based on the 1999 growth chart for Korean children aged 2-18 years. 3 In our study, we used three definitions for obesity based on anthropometric measurements: (1 A Health keeper bioelectrical body composition analyzer (HTM20, Bizmedic Inc., Seoul, Korea) at a single frequency (50 kHz) was used for the BIA measurements. 8 Subjects were dressed in light sports attire and emptied their bladders first to minimize measurement errors. Age, gender and height were entered manually and the subjects were asked to stand barefoot on a nonconductive surface plate and to gently grab the metal finger plate on the machine with both their thumb and index finger. Foot electrodes were placed between the medial and lateral malleoli of both ankles of the subjects. All were facing forward when the readings were taken by the analyzer. Body weight and PBF estimated using the built-in prediction equation for children were displayed by the machine and printed out. The children were grouped into three categories based on the BIA analysis: obese, PBF435%; overweight, 25%p PBFo35%; and normal weight PBFo25%. 9 Statistical analysis All statistical analyses were performed using Medcalc software (version 8.0.8.1, MedCalc Software. Mariakerke, Belgium). Partial correlation coefficients were calculated between subjects' BMI, PWH and PBF after adjusting for their age. To compare the ability of the metrics to correctly classify subjects in terms of fatness, sensitivity and specificity were displayed with the gold standard of PBF from the BIA analysis. Receiver operating characteristic (ROC) curves were used to assess the performance of BMI and PWH in detecting obesity. The ROC curves for BMI and PWH were constructed by calculating the specificity and sensitivity. The series of sensitivities were then plotted against the corresponding values of 1-specificity. The BMI and PWH values that corresponded with the highest accuracy (minimal falsenegative and false-positive results) were presented and compared with the local BMI percentile criteria and IOTF-BMI criteria for obesity.
Results
Subject characteristics and obesity prevalence Table 1 shows physical characteristics of the 938 subjects in this study. Boys' mean weight was greater than that of girls (boys 38.6 kg, girls 37.3 kg, Po0.01), but their mean height was less, although the difference was not significant (boys 138.2 cm, girls 139.1 cm). Boys had a higher mean BMI (boys 20.0 kg/m 2 , girls 19.1 kg/m 2 ), a higher mean PWH (boys 15.1%, girls 9.9%) and a higher mean PBF (boys 28.3%, girls 27.0%) (Po0.01 for all).
The prevalence of obesity in this population was 18.8% based on Korean BMI standards for 95 percentile and 29.4%
Comparison of various anthropometric measurements in Korean pre-adolescent children S Yoo et al based on PWH cutoff values, but was lower at 11% based on IOTF-BMI cutoff values. The prevalence rate of obesity was higher in boys than in girls for both IOTF-BMI (boys 14.9%, girls 6.8%) and PWH (boys 35.1%, girls 23.6%) cutoff values. Based on Korean BMI standards, the prevalence of obesity was similar between boys (18.8%) and girls (18.7%).
Age-adjusted correlation among the indices of obesity Body mass index, PWH and PBF correlated well with one another, after adjusting for the subjects' age. The partial correlation between BMI and PWH was the strongest, both among boys (r ¼ 0.963, Po0.01) and girls (r ¼ 0.923, Po0.01). The correlation coefficient between BMI and PBF was 0.910 (Po0.01), and that between PWH and PBF was 0.915 (Po0.01), after adjusting for age. Compared to girls, boys showed better correlation between BMI and PWH (boys r ¼ 0.963, girls r ¼ 0.923), between BMI and PBF (boys r ¼ 0.916, girls r ¼ 0.908) and between PWH and PBF (boys r ¼ 0.929, girls r ¼ 0.902).
Sensitivity and specificity
Defining children whose PBF was higher than 35% as true positives, the overall sensitivity was 0.909, 0.714 and lower at 0.457, whereas the overall specificity was 0.882, 0.790 and higher at 0.990, for the PWH, local BMI and IOTF-BMI definitions of obesity, respectively. Table 2 shows the sensitivity and specificity values of various definitions of obesity and overweight by gender. When the IOTF-BMI definition of obesity was used, there was a higher sensitivity in boys (0.523) than in girls (0.354), with little difference in specificity between boys (0.986) and girls (0.995). In contrast, there was a higher sensitivity in girls (0.793) than in boys (0.664), but a lower specificity in girls (0.946) than in boys (0.983) with the local BMI percentile criteria. Using the PWH definition, there was a higher sensitivity in boys (0.969) than in girls (0.817), with little difference in specificity between boys (0.871) and girls (0.892). 
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Comparison of the cutoffs from receiver operating characteristic analysis and the current criteria Table 3 presents the cutoffs of BMI and PWH that corresponded with the highest accuracy (minimal falsenegative and minimal false-positive results) from ROC analysis by age and gender. The ROC analysis was not carried out for 12-year-old group because there were too few subjects (only nine boys and 22 girls). The BMI cutoffs for boys in each age group were smaller than both the local BMI 95 percentiles and IOTF-BMI cutoffs to correspond with the BMI of 30 kg/m 2 at age 18 years. In girls, the BMI cutoffs for age 8
and 10 years were comparable with the local BMI 95 percentiles, but smaller for age 9 and 11 years than the local BMI criteria. Girls' BMI cutoffs in all age groups were smaller than the IOTF-BMI cutoffs for each age group. The PWH cutoffs for boys were greater than 20% in all age groups, except the 8-year-old boys. The PWH cutoffs for girls were greater than 20% in the 8-and 10-year-old groups, but smaller than 20% in the 9-and 11-year-old groups.
Discussion
This study showed that the IOTF-BMI criteria for children's obesity showed lower sensitivity than the PWH and local BMI percentiles in Korean pre-adolescent children. In contrast, PWH and local BMI percentiles were better indicators for body fatness in this population. Both had good correlation above 0.9 with the body fatness as measured by BIA.
Because no worldwide standard for children has yet emerged, the prevalence of obesity may vary according to the criteria. In our study, there was a large variation in obesity prevalence among Korean children, from 11.0% for IOTF-BMI criteria, to 18.8% for BMI 95 percentile of Korean children, to 29.4% for PWH for each gender. It is therefore clear that prevalence rates are strongly influenced by the references used and by the obesity indicator adopted. It would be desirable for epidemiological studies to use the same indicator and the same cutoff, whenever possible. The criteria with high sensitivity should be considered first in order to pursue early prevention of childhood obesity.
Good criteria for a surrogate measure of obesity are high sensitivity and specificity, proper reflection of body fat and good correlation with obesity-related co-morbid condition in both adulthood and childhood. Body mass index is a simple and convenient surrogate measure for PBF in children. 10 However, it is likely that cutoff values vary for people according to ethnic background. 11 Some studies showed that Asians have lower BMI but higher PBF than Caucasians, and that some Asian population's morbidity and mortality of obesity-related diseases are relatively high at a relatively low BMI level. [12] [13] [14] From those perspectives, the WHO expert consultation recently reported that the universal BMI criteria for adult obesity are not suitable for Asian populations, although no recommendation for new, clear, BMI cutoff points was given for any Asian population. 15 From this perspective, variations in criteria among various ethnic populations should be considered in evaluating obesity in children. According to our data, the PWH and BMI 85 percentiles from the Korean children population showed the highest sensitivity and specificity for obesity defined as PBF more than 35%. The IOTF-recommended approach to defining childhood obesity was associated with lower sensitivity, which is in agreement with reports from the UK, 16 Singapore 6 and Switzerland. 17 Even when we adopted the IOTF-BMI 25 kg/m 2 as a new cutoff for screening of overweight to increase its sensitivity, the specificity was still lower than the Korean BMI 85 percentiles or PWH. These results indicate that the IOTF-BMI cutoff may significantly underestimate the obesity prevalence in Korean children.
The BMI values that correspond with the highest accuracy by age and gender in ROC analysis were much lower than the 95 percentiles or Z score 2 from the US Center for Disease Control growth chart, but approximated the 90 percentile of Korean children standards. Therefore, BMI 85 percentiles, one of the most sensitive indicators for adiposity in children, can be useful for screening obesity, as has been suggested in another study. 7 Although intrinsically different from BMI in the method of obesity identification, PWH was a better indicator than the IOTF-BMI criteria in terms of measurement accuracy in our study. As both measures were based on the population-specific standard, we suggest that the value of the population-specific standard in defining children's obesity needs to be reconsidered. 6 There were several limitations in our study. We adopted BIA for body fat analysis, although it is not a direct measure The 12-year-old group did not undergo receiver operating characteristic analysis because of the lack of subjects.
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1 Furthermore, our study population was not a nationally representative sample of Korean children.
Further studies need to be undertaken with a larger and nationally representative sample to confirm the results of this study. In the future, more studies are needed to compare various anthropometric measures reflecting the full range of morbidities associated with childhood obesity, beyond the scope of our study, which used body fat as the criterion of measurement.
In conclusion, Korean children's obesity prevalence varied widely according to the diagnostic criteria applied. Universally recommended cutoffs for pre-adolescent children by IOTF showed the lowest sensitivity among the three criteria used and, therefore, may underestimate the prevalence of obesity in this population.
